| MAGNETI C DI SK MANUFACTURI NG SUPPORT METHOD AND MAGNETI C DI SK
MANUFACTURI NG METHOD Thi s application is based upon and cl ains the benefit
or priority from Japanese patent application No. 2007-8531, filed on
January 17, 2007, and Japanese patent application No. 2007-328631, filed on
Decenber 20, 2007, the disclosures of which are incorporated herein in
their entirety by reference. Background of the Invention: This invention
relates to a nethod for supporting the manufacture of a nagnetic disk which
is a discrete track recordi ng medi umusing a di sk-shaped glass substrate
and havi ng nonmagneti c regi ons between tracks forned in a nmagnetic |ayer
and adapted to record information thereon, and further relates to a nethod
of manufacturi ng MAGNBTIREHISKI MANUFACRURINGUBUPEPRRT METHDAYANDEEn w del y
used as substrates for magnetic recording nedia. However, follow ng the
reduction in size and t MAGNETIC AHEK MANUMCERRINGIMEIGHDD ng density of
magneti ¢ di sks, there has been an increasing demand for glass substrates
that are excellent in substrate surface flatness and substrate strength as
conpared with the Iun1nun1subs ent
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performance, a new echnlque for further increasing the recording density
has been regiddieslirésf atidsad ingooraedassreinhiatthéinentiety bysefesondd. enough to
be nounted even in a portable device such as a portable telephone or a

video canera and, gddrdldiESMBENnverRidnar ge in capacity. 2

This invention relates to a method for supporting the manufacture of a
magnetic disk which is a discrete track recording medium using a disk-shaped
glass substrate and having nhonmagnetic regions between tracks formed in a
magnetic layer and adapted to record information thereon, and further relates to
a method of manufacturing such a magnetic disk.

Aluminum substrates have been widely used as substrates for magnetic
recording media. However, following the reduction in size and thickness and
the increase in recording density of magnetic disks, there has been an
increasing demand for glass substrates that are excellent in substrate surface
flatness and substrate strength as compared with the aluminum substrates.

In recent years, following the development of information technology
such as the spread of broadband communications and the start of digital
broadcasting, there has been an increasing necessity for storing and using a
large amount of data. Particularly, for magnetic disks such as hard disks
excellent in cost performance, a new technique for further increasing the
recording density has been required for satisfying a request that the disk is
small enough to be mounted even in a portable device such as a portable

telephone or a video camera and, simuitaneously, is large in capacity.



Conventionally, in order to increase the recording density of a magnetic

di sk, use has been nade of a technique of reducing the width of a magnetic
head and narrow ng spaces between data tracks where infornmation is to be
recorded, thereby achieving an increase in recording density. However, it
has becone difficult to ignore a magnetic influence and a thernal
fluctuati on phenonenon between the adja@ent tracks. Under the

ci rcunst ances, there has recently been proposed a new type nediumcalled a
di screte track recordi ng nedium (hereinafter abbreviated as a "DTR nediunt)

i n which data tragsvettipnally, TR @réer tdintreabe th@esedrdivgl densityoilatnagnétiom each
ot her (see, e.g. "Devel opnent of U trahigh-Density Hard D sk Magnetic

Recor di ng Migk,ue ha®beenedadel6Ka teuhpiyuas oforedubrethewidttelce mxggnetit0, 2006] ,
Internet <URL: http://ww. business-i.jp/sentan/jusyou/2006/tdk. pdf>). The

DTR rmedi um head ahé ndedwing spageobetagenttataitgioas whexeiinfprgtion siovberg a
magnetic material (grooving process) at portions unnecessary for recording
by the use mcotdes, tiseveby achievirer andiwgass irstechrding eleasity.onHowawer, itihasogr aphy
and nanoi nprint lithography. Further, after the(?rooving rocess, gQrooves
are filled became dificuttignignore amagriedic istuencetand sdhermaliflustuatipnt r om | evel
surface flatness required for Tgﬁnetic di sk drives. The DTR nedi um has
drasti cal | ypheroreenetbetvearctheratjacerddiasksy of nedia to open the way to
practical use of ultrasmall-sized | arge-capacity nagnetic disks. Further,
there has al so bednRdrtbsriicymstanses; Ysse fiagireaetty Peen proppradsa REY B i um (a
medi um adapted.to record a sjignal as a, dot ttern) which has, been
devel oped fP&HYRHE FRATEIR K9Ck (RCCFERG| 'E%{h?@e‘f‘ﬁéerr %'?Rfﬁmagﬁgaﬁé‘nsi ty
(see, e.g. . el opnent. of, U trahigh- Densjt rd Di sk Magnetic, Recording
Vedi unt et HTREREUEDLipayhich el ok S orhetidinnle Re MRt e For m o
a magnetic f kN ' se.a i [ enbLi K& 1l j,.ch
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Magnetic Recording Medium", [online], TDK Corporation, [searched December

10, 2006], Internet <URL.: http://www.business-i.jp/sentan/jusyou/2006/tdk.pdf>).

The DTR medium is intended for improving the signal quality by

removing a magnetic material (grooving process} at portions unnecessary for

recording by the use of the newest nanotechnologies such as electron-beam

lithography and nancimprint lithography. Further, after the grooving process,

grooves are filled with a nonmagnetic material so as to realize the

angstrom-level surface flatness required for magnetic disk drives. The DTR

medium has drastically increased the recording density of media to open the

way to practical use of ultrasmall-sized large-capacity magnetic disks.

Further, there has also been proposed a new type medium called a

patterned medium (a medium adapted to record a signal as a dot pattern) which

has been developed from the DTR medium by further increasing the recording

density (see, e.g. "Development of Ultrahigh-Density Hard Disk Magnetic

Recording Medium" referred to above). This is also a recording medium in the

form of a magnetic recording medium for use as a hard disk or the like, in which

magnetic particles are regularly arranged artificiaily.



3 In addition, there are also a DITR nmediumin which magnetic tracks are
magnetically isolated fromeach other by pressing a stanper with convex
portions onto a flat magnetic |layer to form groove portions between the
magneti c tracks (see, e.g. Japanese Unexam ned Patent Application
Publication (JP-A) No. 2007-157311) and_.a DTR nedi um havi ng a demagneti zed
| ayer fornmed by ion irradiation (see, e.39. Japanese Unexam ned Pat ent
Application Publication (JP-A) No. 2007-226862). Sunmary of the Invention:
However, followi ng the increase in recording density of a magnetic di sk,

the flying hei ghtinoddditidrianeis srehsied alDFRAnedieas irdwhigchansghetic Paclkabaet 1 Onm
or less. Accordingly, the surface of a gl ass substrate for lamnating a

magnetic | mpghetitelyasolated frbsoeactnothee by tpressing ai dthmpevaithezonvékus, the

gl ass substrate is judged defective even with a slight defect. Therefore,
the yi el d oporgibas @ntubdkat atammnetiedalertto form goocenportioda petween thesk gl ass
substrates judged defective are discarded. As a result of assiduous

studi es, thmagnetetracks (s, erg Japasese linexemined WMatentrpmlication PublicationTR
medi um there are nonmagnetic regl ons where no information is to be
recorded, afdf- Ahblpefzaﬂé-ﬁmﬁhan & PbRagAkm baviegidemagneiizertlayat a
portion Wnere a defect of a glass substrate is present, there is no

i nfl uence t@"mﬁﬂdwrﬂﬁﬂﬂﬁﬂdlﬁflpﬂ i(sRE readianpnesrdInpadainediRAeRAPRIGREOR f ur t her

mapped w ¢ PYOHGPTABA e 2007 AZBBEA  on, the. manuf act urer Tt entonal |y
forms a nonmagnefic regiqQn at a r.eqgion Wnere the defect is present, and
uses other regi M@i&?—&ﬂ%&gﬁacks. As a consequence, even the gl ass
et e L PBARERo Bie PA  BEp AT AP A R
I nventors hﬁ%ﬁ]ﬁﬁrﬂéﬁh%f a magnetic head has decreased to a value of about 10nm or

less. Accordingly, the surface of a glass substrate for laminating a magnetic

layer thereon is also required to be still smoother. Thus, the glass substrate is

judged defective even with a slight defect. Therefore, the yield of glass

substrates tends to be worsened. Magnetic-disk glass substrates judged

defective are discarded.

As a result of assiduous studies, the present inventors have found that
when manufacturing a DTR medium, there are nhonmagnetic regions where no
information is to be recorded, and therefore, if such a nonmagnetic region is
formed at a portion where a defect of a glass substrate is present, there is no
influence to information writing/reading. The present inventors have further
found that, by shipping to a magnetic disk manufacturer a glass substrate
mapped with its surface defect information, the manufacturer intentionally forms
a nonmagnetic region at a region where the defect is present, and uses other
regions for recording tracks. As a consequence, even the glass substrate with
the defect can be used as the glass substrate of a DTR medium without
discarding it. Based on this knowledge, the present inventors have completed

this invention.



this invention. 4 In other words, the present inventors have found that, by
shi pping to the manufacturer a nmagnetic-di sk glass substrate napped with its
defect information necessary for nmanufacturing a DIR nedium the DTR nmedi um
can be manufactured fromthe nmagnetic-di sk gl ass substrate that could not

ot herw se be used as being defective in the conventional recording system
and have reached the conpl etion of this4nvention. It is therefore an
object of this invention to provide a nmagnetic disk manufacturing support
met hod and a nmagnetic di sk manufacturing nethod that can enhance customer

satisfaction of a|PbiReraebrasnhelirasént invemors haws Mimd thae W@Hi?piﬂb to the
magneti c-di sk gl ass substrates by providing glass substrate defect

i nf or mat i onmanufaetubS rednetiorlivk glebssabstrate raapped Withsty defegbove- nent i oned
obj ect, according to an aspect of this invention, there is provided a

met hod for @ fppnatiompeoresaarafdrunanofacturingos 8MR mediiwk, the BTR medieimecan ack
recordi ng medi um havi ng a nonmagneti c regi on between tracks forned in a
magnet i ¢ | apermancafastiapd debm the ragneticdisk glass snbstratertbahcoultd @mobet hod
conprising the steps of: detecting a defect present on a main surface of a
di sk- shaped otfiersdse bealusedasdeing defastive imthalesruantionabregarding systenudnty a

di stance froma center of the glass substrate to the defect; and shipping
the gl ass sthByeregehed thegcampletionof this entiefor nati on as information for
form ng the nonmagnetic region to at | east one of a place of  manufacturing

the magnetic di sktusithgrefore &y akigckefibts-inventigntopiovidecsa sragnedis et uring a
iR A S S TR R
region on t r&gn%n%sé%cg%%%%orn%res‘atistfaét%npoqsasbl?hemte iao%%\rlmiu aectlﬁrpa? and improve
the yield of magnetic-disk glass substrates by providing glass substrate defect
information to the DTR media manufacturer.

In order to solve above-mentioned object, according to an aspect of this
invention, there is provided a method for supporting manufacture of a magnetic
disk as a discrete track recording medium having a honmagnetic region
between tracks formed in a magnetic layer and adapted to record information
thereon, the method comprising the steps of:

detecting a defect present on a main surface of a disk-shaped glass
substrate and producing defect information including a distance from a center of
the glass substrate to the defect; and

shipping the glass substrate along with the defect information as
information for forming the nonmagnetic region to at least one of a place of
manufacturing the magnetic disk using the glass substrate and a place of
manufacturing a magnetic-disk storage device using the magnetic disk.

According to the above aspect, in the step of forming the magnetic layer
and the nonmagnetic region on the glass substrate, it is possible to provide the
nonmagnetic region at the position where the defect of the glass substrate is
present. Therefore, even a glass substrate with a defect can be used as a

substrate of a DTR medium. Thus, the yield of glass substrates is improved.



nonmagnetic region at the position where the defect of the glass substrate
Is present. Therefore, even a glass substrate wth a defect can be used as
a substrate of a DTR nmedium Thus, the yield of glass substrates is

i nproved. 5 Further, a nmagnetic di sk manufacturer can use yield-inproved

| ow-priced glass substrates and manufacfure magnetic disks with no problem
in terns of magnetic recording. Therefole, the custoner satisfaction is

i nproved. The defect information nay be produced by using a defect detector.
The gl ass substrate may be shipped while attaching an information recording
medi um r ec oF deblemvatrhagheticdibk ahanufacturert camnudeyieldsiompraved lowipicedgilagshe

gl ass substrate. This is because the position of the defect cannot be marked
on the gl assulssitaés and mamdhtturéoragnetic disks with oomproblem metleomdiofg nedi um may
be an RFID (Radio Frequency ldentification) tag. Wth this structure, there
i s an advanmageetio redadingt hbewfors; the nbistomerisatisiactionds phprovedubst rat e can
be obtained by non-contact reading. According to another aspect of this

i nvention, there The getaativarmatiormaydaprogusaddytusing g defeelgiatector.di sk as a
di screte track recordi ng nedium having a nonmagnetic. regi on between tracks
formed in a nagnel e glaspesubstiate mpyheshipped vdveatiachiig.an ifampalioteon, the
met hod conprising the steps of: detecting a. defect present. on a main surface
of a disk- s%ﬁé@ﬂglrﬁ%@“n&@&gfc;% W'téﬁ@e H?&%Eﬁﬂﬁ“%r&ﬂapﬁf‘ﬁ“?ﬁﬁt%ﬂg ncl udi ng
a distance froma center, of . th | ass, substrate, 1o e defect: forging the
magnet | ¢ I o oIBsS SHBsAIen it Debadse ettt St e deieEeanat e Poted’ ng

t he nonmagnet i LQn. i gnetic | ayer based on the defect
i nfor nat i On_gltl tife bﬁ%%ubéﬂa{ehi?serm

Further, the information recording medium may be an RFID (Radio
Frequency Identification) tag. With this structure, there is an advantage in that
the defect information of the glass substrate can be obtained by non-contact
reading.

According to another aspect of this invention, there is provided a
method of manufacturing a magnetic disk as a discrete track recording medium
having a nonmagnetic region between tracks formed in a magnetic layer and
adapted to record information thereon, the method comprising the steps of:

detecting a defect present on a main surface of a disk-shaped glass
substrate and producing defect information including a distance from a center of
the glass substrate to the defect;

forming the magnetic layer on the main surface of the glass substrate;
and

providing the nonmagnetic region in the magnetic layer based on the
defect information.

According to the above aspect, the yield of glass substrates is improved
and the customer satisfaction is improved as described before.

Further, according to other aspect of this invention, there is provided a
method for supporting manufacture of a magnetic disk as a discrete type

medium in which magnetic dots where information is to be recorded are



According to the above aspect, the yield of glass substrates is inproved
and the custoner satisfaction is inproved as descri bed before. Further,
according to other aspect of this invention, there is provided a nethod for
supporting manufacture of a magnetic disk as a discrete type mnediumin

whi ch magnetic dots where information is _to be recorded are 6 arranged so
as to be separated by a nonmagnetic regién, the nmethod conprising the steps
of : detecting a defect present on a nain surface of a disk-shaped gl ass
substrate and produci ng defect information including coordinates of the
defect; angirahgepsoasttbbereranatedist & abanagregcegibn! the wetteet | nfor mati on
as a position of the nonnmagnetic region to at |east one of a place of

manuf act ur i cgmptisiag e skpsocofdi sk usi ng the gl ass substrate and a pl ace of
manuf acturing a magnetic-di sk storage device using the magnetic di sk.
Accordi ng to the defectingapiefect preséntrarsp etain tsorfacesd @adisic-stiaped glasss
substrate being a discrete type nediumin which magnetic dots where

i nf or mat i onsuhstrate Bod seducing defect informgtien insluding sopedinatpa b theldelect
nonmagnetic region in an optional manner, the yield is inproved and the
custoner sa@®@faction is i nproved. Mreover, according to other aspect of
this invention, there is grovided a met hod for s&%%orlin manuf acture of a

magnetic disk as #VEPBERe glassybstiale alongyt PERbIfINatian a%8n tracks
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magnetic-disk storage device using the magnetic disk.
According to the above aspect, with respect to a magnetic-disk glass
substrate being a discrete type medium in which magnetic dots where
information is to be recorded are arranged so as to be separated by a
nonmagnetic region in an optional manner, the yield is improved and the
customer satisfaction is improved.
Moreover, according to other aspect of this invention, there is provided
a method for supporting manufacture of a magnetic disk as a discrete track
recording medium having, between tracks formed in a magnetic layer and
adapted to record information thereon, a non-recording region serving to
magnetically isolate the tracks from each other, the method comprising the
steps of:
detecting a defect present on a main surface of a disk-shaped glass
substrate and producing defect information including a position of the defect;
and
shipping the glass substrate along with the defect information as
information for forming the non-recording region to at least one of a place of

manufacturing the magnetic disk using the glass substrate and a place of

manufacturing a magnetic-disk storage device using the magnetic disk.



substrate and produci ng defect information including a position of the
defect; and shipping the glass substrate along with the defect information
as information for form ng the non-recording region to at | east one of a
pl ace of manufacturing the magnetic di sk using the glass substrate and a
pl ace of manufacturing a magnetic-di sk ?torage devi ce using the magnetic
disk. 7 According to the above aspect, (he non-recording region is not
necessarily fornmed of a nonmagnetic material as long as it can magnetically
i solate the tracks fromeach other. The non-recording region nmay be a groove
portion between tAecdrdimgkts.the Eboseiaspbel; thes porveooriding tegiorois-natcor di ng
region includes the magnetic layer, it is possible to magnetically isolate
t he tracks neasssadlyfoonadof Byncauoagneatiy material as hong as ilcananggoeticallyor t i on.
The non-recordi ng region may be formed sinultaneously with the tracks by
pressing a l§©|§ﬁ§38'r€ trmeks fromaadxotber.ti on onto the magnetic |ayer. According
to such a nethod,_the DITR nedi um can be nanufactured w thout erformng a

conpl i cat ed pro_ce-gie Qgﬁﬁeﬁ%rdmr%ﬂ%m?d.berﬂggrﬂ%ﬁ pediondisiyepBdnoagks: be a
nonregnet | crtieql 8080 L, cerTRAnel) ot T be Rne gl Bier
Such as & dF GesEIDmaghRaGIB FEErE IeCreRy e Sasriaber by PaRPYSe B ot on.
caci 1y ne BimS RN A FiooB et hods such as dry et ching, The position of
Substrat e (ot he HoY aep rsesiae BAThRRN IR irEbRboudy wifingiAtks
by pressing a stamper with a convex portion onto the magnetic layer.
According to such a method, the DTR medium can be manufactured without
performing a complicated process such as dry etching.
The non-recording region may be a nonmagnetic region and the
nonmagnetic region may be formed of a nonmagnetic alloy containing Si. This
aims to magnetically isolate the tracks from each other by a nonmagnetic
material, not by a physical shape such as a groove.
The nonmagnetic region may be formed by ion irradiation. According
to such a method, the nonmagnetic region can be formed more easily as
compared with other methods such as dry etching.
The position of the defect may be specified by a distance from a center
of the glass substrate to the defect or by orthogonal coordinates or polar
coordinates of the defect.
The defect information may be produced by using a defect detector.
Preferably, a width of the defect in a radial direction of the glass
substrate is smaller than a width of the non-recording region. This is because
when the non-recording region is provided at the position where the defect of

the glass substrate is present, the defect does not protrude from the

non-recording region.



coordi nates of the defect. The defect information may be produced by using a
defect detector. Preferably, a width of the defect in a radial direction of
the glass substrate is smaller than a width of the non-recording region.
This is because when the non-recording region is provided at the position
where the defect of the glass substrate s present, the defect does not
protrude fromthe non-recording region. 88 According to this invention, by
shipping to a nagnetic di sk manufacturer a glass substrate for a magnetic

di sk being a discrete type nediumalong with defect information about the
surface of the gl Assordirigstorthisinventions hyoshippihg t0 @ magnetihdiskugamtfactuders k

gl ass substrate that woul d not otherw se be used as being defective in the
case of manafglasswsubsirate barevmagnetialdisidegieg iacdisgrete tymel medivg alemgnsithagnet i ¢
region. This is because if a nonmagnetic region is provided at. a position
where a def defecbisdermatiamakputdbe sHfaes ohthe glass gubstirten s passibledediitem on

I nformation recording tracks or magnetic dots. Consequently, the yield of

gl ass subst hgtmeagnetic-giskglass é‘ﬁl%ﬁtfaﬂﬁéhﬁ“tw‘?%'d neb s&hannise be ugad @s RERY uni t

cost thereof. Fyrther, a glass supsirate manufacturer can [ nprove. custoner
cat st act | oHeTEte inlhiestas o BRnURRIIIT SR GPBTENIONa Fipongite AisKapAWRing

di sk 11 nal 196 RERTTACERFSa)-  ARishisietnt Spoumagnais aoh S PRI uri ng
Syet om accof PoRGenaMecH e RO oo R b a i B e A WPl B o e
showt 19t NepfBRIRSrPihtorRAtidhASbUFdif1rbbRs BPARGhERc dof as @ DTR medi um shown
Consequently, the yield of glass substrates is improved and thus it is
possible to reduce the unit cost thereof. Further, a glass substrate
manufacturer can improve customer satisfaction of a magnetic disk

manufacturer as a customer.

Brief Description of the Drawings:

Fig. 1 is a structural diagram of a magnetic disk finaily manufactured by
an embodiment of a magnetic disk manufacturing support method and system
and a magnetic disk manufacturing method and system according to this
invention;

Figs. 2A through 2C are diagrams showing the method of
manufacturing the magnetic disk as a DTR medium shown in Fig. 1;

Fig. 3 is a flow diagram showing a process of inspecting a defect of a
glass substrate of the magnetic disk of Fig. 1 in the embodiment of the magnetic
disk manufacturing support method and system according to this invention;

Fig. 4 is a diagram showing the positions of defects in defect
information obtained by an AOI shown in Fig. 3;

Fig. 5 is an enlarged view of a plastic glass-substrate case, shown in
Fig. 3, having a shape of a substantially rectangular parallelepiped and serving

as a container for storing glass substrates;



Fig. 3 is a flow diagram showi ng a process of inspecting a defect of a

gl ass substrate of the magnetic disk of Fig. 1 in the enbodi nent of the
magneti ¢ di sk manufacturing support nethod and system according to this
invention; Fig. 4 is a diagramshow ng the positions of defects in defect

I nformati on obtained by an AO shown in Eig. 3; Fig. 5 is an enlarged view
of a plastic glass-substrate case, shown“in Fig. 3, having a shape of a
substantially rectangul ar parall el epi ped and serving as a container for
storing glass substrates; 9 Fig. 6 is an enlarged view of the

gl ass-substrat e chige6sbawerilargedgiew of the glasg-substafd casshshawnin kig. 3;
enbodi nent of a magnetic di sk manufacturing support process according to
thi s inventi on whFigh7iisaflovehadidfean embiodioent eftacthaggktis sliskubanutacbgirgnd
provi des defect information to a magnetic di sk manufacturing process; Figs.
8A t hr ough Sprortpuicegs accorhnginmthisinvention whichinspeeistdefeety of sompleledi ¢

di sk as another DIR nedium and Fig. 9 is a diagram show ng a nethod of
nmanuf act ur i 8l§sa shbgtialesang provides c%feo;tun@rﬁmtah@n @Fmﬁﬁﬂ@mﬂwglsbescri ption of
t he Exenpl ary Enbodinments: Now, referring to the acconpanyi ng draw ngs, a
descri pt i onM@AnUfagderingyplasesen detail of enbodi ments of a magnetic di sk

facturi suppor t t ho d system and a,magnetj c .di.sk nuf acturin
T hod and cost orPids: eaMioNan & Bre biorams ShaRing 3 MoboR | atltat iy ng: 1 ar Con

o, conpontitadhsts GRS Abg R IR G Bt ence aymbol o A gl ags
b ¢ ; . . g > '
Then after the cogpeds Baladinm BhoBIHEE ethod Bl pfbritiatifing A Magn@6isRScs
as still another DTR medium.

Description of the Exemplary Embodiments:

Now, referring to the accompanying drawings, a description will be
given in detail of embodiments of a magnetic disk manufacturing support
method and system and a magnetic disk manufacturing method and system
according to this invention. In the figures, iliustration of components not
directly related to this invention is omitted and the same components are
denoted by the same reference symbols.

A glass substrate for a magnetic disk is formed through a piurality of
processes. Then, after the completion of the glass substrate, a defect
inspection process for inspecting the presence of a defect of the substrate
surface, a defect information recording process, a packing process, and a
shipping process are carried out. Hereinbelow, in order to facilitate
understanding of the embodiments of this invention, a description will be given
in detail of a magnetic disk structure, a magnetic disk manufacturing method, a
defect inspection process, a defect information recording process, a packing
process, and a shipping process.

(Magnetic Disk Structure)

Fig. 1 is a structural diagram of a magnetic disk finally manufactured by

an embodiment of a magnetic disk manufacturing support method and system



I nspection process for inspecting the presence of a defect of the substrate
surface, a defect information recording process, a packing process, and a
shi ppi ng process are carried out. Hereinbelow, in order to facilitate
under st andi ng of the enbodi nents of this invention, a description wll be
given in detail of a magnetic disk str%gLure, a magneti c di sk manufacturing
nmet hod, a defect inspection process, a fect information recording
process, a packing process, and a shipping process. (Mgnetic Disk
Structure) Fig. 1 is a structural diagramof a magnetic disk finally

manuf act ur eshdy magneticdisk memufadtudngregiiedd andisystemaetacding tothisuppor t
met hod and system 10 and a magnetic di sk manufacturing nethod and system

accordi ng tinpvémtien. i nvention. As shown in Fig. 1, a magnetic disk 100 is a
di screte track recording nedium (hereinafter abbreviated as a "DIR

medi unt') . Ref erriAgshownits Figerl, arrgadnaticdiskrifi0 isiscdiscrete bk meeprdinge | ayer
120 is fornmed on a glass substrate 110. On the soft magnetic |ayer 120,
there are froedien (Wereinaftenabbraviated g D TRaardiunsd | Reterriagteitsc | ayer that
are used for recording information thereon and nonmagnetic regions 140,
where no i rAnjarged saetivsat dewea seBdpaarptic Ipgenteh is foemedka gss. The track

pitch is typically about 200nm (Magnetic D sk Manufacturi Met hod) Fi gs.
2A t hr ough subsiiate di@dPatke §ﬁ@\ﬁﬁ'@@§'ﬁéaﬁt% tgre ﬁ‘fﬁ?f&lftﬁ@f M&d @ he magneti c

s RN At BN M U B e e Y
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transferred, pE@nink FHlcRE 15851 TR bitchSs WAtAl) o BtonRr | Nt

(Magnetic Disk Manufacturing Method)

Figs. 2A through 2C are diagrams showing the method of
manufacturing the magnetic disk 100 as the DTR medium shown in Fig. 1. As
shown in Fig. 2A, a stamper 200 serving as a master plate is first produced by
electron-beam lithography. The stamper 200 is formed with patterns of servo
information, data tracks, and so on. Using the produced stamper 200, the
patterns are transferred onto a resist resin 210 on the medium by nanoimprint
lithography. Then, as shown in Fig. 2B, using the transferred resin patterns as
a mask, grooves are formed on the medium surface by dry etching. Then, as
shown in Fig. 2C, a nonmagnetic material 140 is buried in the once-formed
grooves for carrying out surface flattening in order to ensure the flying stability
of a magnetic head. Then, a protective film and a lubricating film are formed
thereon.

Since no information is to be recorded at the positions where the
nonmagnetic regions 140 are formed, the magnetic head does not perform a
read/write operation at those positions. Therefore, it is a feature of the
embodiment according to this invention to clanfy in advance the position of a
defect such as a projection or a depression of the glass substrate 110 by an

inspection and to provide the nonmagnetic region 140 at the position where



it hography. Then, as shown in Fig. 2B, using the transferred resin patterns
as a mask, grooves are fornmed on the nedium surface by dry etching. Then,
as shown in Fig. 2C, a nonnmagnetic nmaterial 140 is buried in the
once-formed grooves for carrying out surface flattening in order to ensure
the flying stability of a magnetic heaq. Then, a protective filmand a

| ubricating filmare forned thereon. Si fce no information is to be recorded
at the positions where the nonmagnetic regions 140 are formed, the magnetic
head does not performa read/wite operation at those positions. Therefore,
it is a feauhe défechis presbotlitmereby atinumatinggan obstacte foveadingdwritimg of arify in
advance the position of a defect such as a projection or a depression of

t he gl ass dnfostatior withorespeaito thaspagneétmdiskd000 provi de t he nonnmagneti c
region 140 at the position where 11 such a defect is present, thereby

el i minating an olstFags.el and 2ettd nopimegnetimmaterial (14drisduiried betwaen dupect to
the magnetic disk 100. In Figs. 1 and 2, the nonmagnetic material 140 is
buri ed bet wisda trasks. dHoweverdtds sufivienidhat the data diacks beanegnetically he dat a
tracks be magnetically isolated fromeach other by non-recording regions
where no i ris@pias frem each @hgeby nepgegeding Frraienswaiere e informatinRis i Pt eri al
I's not necessarjly_buried between the data.tracks. Figs.. 8A through 8C are
di agrams sHEGPH§da THETEIBE: Hhe ARRTEIBETE Majerial 'ﬁﬁ@i@?%gﬁﬂr@k&l’w as anot her
DTR medi um_ As _shown i&{:i . 8A, a soft magnetic layer 120, a magnetic

| ayer 130, *%E%WGS“E'P%E’@ r@@‘q'ayer 710 are first forned on a glass substrate
110 by sputteri ng-
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magnetic layer 120, a magnetic layer 130, and a protective layer 710 are first
formed on a glass substrate 110 by sputtering. Then, by pressing a stamper
800 with convex portions onto the layers 120, 130, 710 as shown in Fig. 8B,
there are formed a plurality of tracks 730 and, simultanecusly, non-recording
regions 720 between them as shown in Fig. 8C. Finally, a lubricating layer of
perfluoropolyether (not shown) is formed on the surface thereof,

According to this method, the magnetic disk 700 can be manufactured
without performing a complicated process such as dry etching.

The non-recording regions 720 formed by the method of Fig. s 8A
through 8C are in the form of groove portions between the tracks 730. Since
the non-recording regions 720 are simply pressed by the stamper 800, the
magnetic layer 130 is included at the surface thereof. However, by adopting
the form of such groove portions, it is possible to magnetically isolate the tracks
730 from each other. The stamper 800 is formed in advance as having a
negative pattern of such groove portions and may have rounded tip portions in
cross-section as shown in Fig. 8A instead of rectangular tip portions in
cross-section.

In the case of the magnetic disk 700, the concave portions remain on

the medium surface, but it is preferable that the depth thereof, i.e. the difference



per fl uoropol yether (not shown) is formed on the surface thereof. According
to this nethod, the nagnetic disk 700 can be manufactured w thout
perform ng a conplicated process such as dry etching. The non-recording
regions 720 formed by the method of Fig. s 8A through 8C are in the form of
groove portions between the tracks 730. Since the non-recording regions 720
are sinply pressed by the stanper 800, t magnetic |ayer 130 is included
at the surface thereof. However, by adopting the form of such groove
portions, it is possible to magnetically isolate the tracks 730 from each

ot her. The jathaigiebed@en 3hé bighedt and dsivestasitiorisatherabfobe sepat 10Gnrpart ern of
such groove portions and nay have rounded tip portions in cross-section as

shown in Filgss.8AThisss farcersiuringdhafigingestability ofoa magmetic meadr oss-section. In
the case of the magnetic disk 700, the concave portions remain on the
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difference 12 in height between the hi ghest and | owest positions thereof,
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magnetic head. Fig. 9 is a diagramshow ng a nethod of manufacturing a
magnet i ¢ dirwRgneiolayer 420 a magnatislaysrd I @ndra pratectivegarer ¢1@0skhe00
conprises a soft nmagnetic |layer 120, a nagnetic |ayer 130, and a protective
| ayer 710 oiriace ofagiegs substratey] His Rurthar, anenitystrated {ylsicatigg layer is
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900. for magnetically isolating portions of the magnetic layer 130 from each other,

The mask 910 formed into a predetermined pattern beforehand is set to
be perpendicular to the ion irradiation 920 and parallel to the magnetic disk 900.

As a material of the mask 910, use may be made of a material such as a quartz,
soda-lime glass, or Si wafer that can block ions and can be formed into a
predetermined pattern.

After setting the mask 910, ions capable of demagnetizing the magnetic
layer 130 are implanted. In this embodiment, Siis used. In this manner,
nonmagnetic regions 930 made of a nonmagnetic alloy containing Si are formed.

As mentioned above, the tracks are magnetically isolated from each other by
the nonmagnetic material in this embodiment, not by the physical shape such
as the grooves between the tracks. The lubricating layer is coated after the ion
irradiation. In this manner, the magnetic disk 900 is manufactured.

The ion irradiation (ion implantation) may be carried out using an ion
imptanter. In, B, P, C, F, or the like may be used as implantation ions other
than Si and there is no particular limitation to their kinds and combinations as
long as demagnetization is achieved by ion implantation.

According to the ion irradiation as described above, the nonmagnetic

regions can be formed more easily as compared with other methods such as



As a material of the mask 910, use may be nmade of a material such as a
quartz, soda-linme glass, or Si wafer that can block ions and can be forned
into a predeterm ned pattern. After setting the mask 910, ions capabl e of
demagneti zing the magnetic layer 130 are inplanted. In this enbodi nent, Si
Is used. In this manner, nonmagnetic regjons 930 made of a nonmagnetic
alloy containing Si are fornmed. As mentined above, the tracks are
magnetically isolated fromeach other by the nonnagnetic material in this
enbodi ment, not by the physical shape such as the grooves between the
tracks. Thediywchingting layer is coated after the ion irradiation. In this
manner, the nmagnetic disk 900 is nmanufactured. The ion irradiation (ion

i mpl ant ati on) may(DefectdnspectiomProeess)y an ion inplanter. In, B, P, C F, or
the Iike may be used as inplantation ions other than Si and there is no
particular |imtafigod is a flomediagkamdhowint a@rbcess ofanspactingl @ dgfeat of the
demagneti zation is achieved by ion inplantation. According to the ion

i rradi at i orglass debkstrateadf the mvagnetinaistoohikigndtin the emfpodinmentzof the magnedic nor e
easily as conpared with other nethods such as 13 dry etching. (Defect
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adherend), and size of a defect on the glass substrate. More specifically, the

position of a defect on the disk-shaped glass substrate 110 is specified by a

distance from the center of the glass substrate 110 to the defect present on the

main surface thereof.

Fig. 4 is a diagram showing the positions of defects in the defect

information obtained by the AOI 300 shown in Fig. 3. Since the defect map is

clarified by the AOI 300, coordinates of each defect can also be known.

However, in this embodiment, it is determined to provide a circular nonmagnetic

region concentric to the glass substrate 110 and passing through the position of

the defect. Therefore, such detailed information as the coordinates of each

defect is not necessary, but it is sufficient to record the defects as the radii of

circles including the defects, i.e. like distances R1 and R2 from the center 400

of the glass substrate 110 to defects 420 and 410, respectively, shown in Fig. 4.

However, the position of a defect is not limited to the foregoing radius
and may, naturally, be specified by another information and included in defect
information. For example, the position of a defect may be specified by any

method such as orthogonal coordinates (X, Y), polar coordinates (r, 8), or the

like as long as the position of the defect can be clarified.



position of a defect on the disk-shaped glass substrate 110 is specified by
a distance fromthe center of the glass substrate 110 to the defect present
on the main surface thereof. Fig. 4 is a diagram show ng the positions of
defects in the defect information obtained by the AO 300 shown in Fig. 3.
Since the defect map is clarified by the AO 300, coordinates of each
defect can also be known. However, in thfs enbodinent, it is deternined to
provi de a circul ar nonmagnetic region concentric to the glass substrate 110
and passing through the position of the defect. Therefore, such detailed

i nformation as thEuﬁtn@r,diiemwmayfb@am’fkedomimin?&om sizesahe@oy., Pot it is
sufficient to record the defects as the radii o circles including the

defects, i.exampls ddifedtanessb&tarsked fr TOromof tee maximurmidiametérsttheregifass
substrate 110 to defects 420 and 410, respectively, shown in Fig. 4.

However, thwhilesiéfeots edchebeinf dargeienaugh tbiexiceed the width df dne gonmagnatic us
and may, naturally, be specified by another information and included in
def ect i nf cagian i140.affest thexnaghse] 30 aeepddhe nonmagnetideégions tdP @ve specifi ed
by any nethod such as orthogonal coordinates (X Y), polar coordinates (r,
0), or the providedhandohysaeay he ranksd thersaine eidepegsenting sicha roeraringi ed. 14
Further, defects nmay be ranked accord”;g to the sizes thereof. For exanple,
defects may be raFREiFWRsY, tds preferatie thalthewidthi of redefest intbedadial whi | e,
defects each, being | arge enough to exifed the width of the nonnagnetic
regi on 140 direelian ehiberglasscsubsitatedn bersmakeribandeptetfitbe NegIT6RMTIND ar e
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the defect of the glass substrate 110 is present, the defect does not protrude
from the non-recording region.
(Defect Information Recording Process)
As shown in Fig. 3, defect information of each glass substrate 110
obtained by the AQI 300 is transferred to a personal computer (hereinafter
abbreviated as a "PC") 310 connected to the AOI 300 and is assigned an ID by
the PC 310. The defect information and the ID are in one-to-one
correspondence with each other. A defect list 330 mapping between the defect
information and the IDs ¢an be printed by a printer 320. In this event, the
same |Ds are also assigned to the glass substrates 110 by the PC 310. Each
ID may include a number of a case where the corresponding glass substrate is
to be stored, and a storage position of the corresponding glass substrate in the
case.
(Packing Process)
Fig. 5 is an enlarged view of a plastic glass-substrate case 340, shown
in Fig. 3, having a shape of a substantially rectangular parallelepiped and
serving as a container for storing the glass substrates 110. The glass

substrates 110 are stored in the case 340 as described in the defect list 330.



when the non-recording region 140, 720, 930 is provided at the position
where the defect of the glass substrate 110 is present, the defect does not
protrude fromthe non-recording region. (Defect Information Recording
Process) As shown in Fig. 3, defect information of each glass substrate 110
obtained by the AO 300 is transferred tosha personal conputer (hereinafter
abbreviated as a "PC') 310 connected to ¥he AO 300 and is assi gned an I D by
the PC 310. The defect information and the ID are in one-to-one
correspondence with each other. A defect |ist 330 mappi ng between the defect
i nf or mat i onThadatd S40Rancatohenpdatet Zilglags supsiratesrar@Pefechinfdmsatewnestt , t he
sane | Ds are al so assigned to the gl ass substrates 110 by the PC 310. Each

| D may i ncl altitheaglassrisebstodtea is descriliest i theaefentliss paddi Howglvess substrate is
to be stored, and a storage position of the corresponding gl ass substrate in
the case. inferokdtion ditbe giass stibgtrate withao defear may be exclodedifrpmathei ¢

gl ass-substrate case 340, shown in Fig. 3, having a shape of a

subst ant i al #§feckligta33§ul ar paral | el epi ped and serving as a container for
storing the glass substrates 110. The glass substrates 110 are stored in
the case 340 as dRs&ppwedniFig.thdhedetact list 330 prptediy thenrintasd2@81p can

accommodate 25 gl ass, substrates and defect information , of all th | ass
substrat es ?gaqﬁéjctpit%@?q%ﬁ%t@é?é@?e Isﬁét @%9”%\%%&"?3’ to m%k@a&?fgﬁt of the
ect i 330. As
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accommodation container. As shown in Fig. 5, the foregoing IDs are shown in
the defect list 330. Specifically, there are described a case number assighed
to the case 340 where the glass substrates 110 are stored, and a number
representing a storage position of each glass substrate 110 in the 25 glass
substrates.
In this manner, the case 340 accommodating the glass substrates 110
is attached with the printed defect list 330 being an information recording
medium recorded with the radii of nonmagnetic regions 140 to be formed
circular.
Since the glass-substrate case 340 is further vacuum-packed, the
defect list being the information recording medium or a later-described RFID tag
may be attached after the vacuum packing.
(Defect Information Recording Process)
On the other hand, the defect information and the IDs may be
transferred to an RFID (Radio Frequency ldentification) writer 350 from the PC
310 and the RFID writer 350 may write the contents thereof into an RFID tag
360. Fig. 6 is an enlarged view of a glass-substrate case 390 shown in Fig. 3.
As shown in Fig. 6, by reading the RFID tag 360 using an RFID reader 500 in a

non-contact manner at a delivery destination of the glass-substrate case 390, it

is possible to notify the delivery destination which of the glass substrates stored



defect information is attached to the gl ass-substrate case 340 serving as
the accomodation container. As shown in Fig. 5, the foregoing IDs are
shown in the defect list 330. Specifically, there are described a case
nunber assigned to the case 340 where the gl ass substrates 110 are stored,
and a nunber representing a storage po iéion of each gl ass substrate 110 in
the 25 glass substrates. In this manner’,” the case 340 acconmodati ng the
gl ass substrates 110 is attached with the printed defect |ist 330 being an
i nformation recording nediumrecorded with the radii of nonmagnetic regions
140 to be fiarthedasei390Have. wikatefettise gl ass-substrate case 340 is further
vacuum packed, the defect |ist being the information recording nediumor a
| at er -descri bed RAlthistmgnnemhemfermaticinegcafdieg mediumaeaardeshwith tle  ( Def ect
I nformati on Recording Process) On the other hand, the defect information and
t he | Ds naydistances fiasiiaf nesmagnetic RegiDns RabEES felegleare rresent mayds: then)
witer 350 fromthe PC 310 and the RFID witer 350 may wite the contents
t her eof i ntBFHMaR-3E0 efachexbty the glasssubstaatedasgrifd vi ew of a
gl ass-substrate case 390 shown in Fig. 3. As shown in Fi g? 6, by reading
the RFID tag 360 fudthe] te IRMefeckinfrmalion may pe dmctlydianshittedidar at a
delivery destinati f .the gl ass-sybstrate e 390, it . 1is Ible to
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a articles is not attached with the defect information, it is necessary to make
arrangements beforehand for ensuring correspondence between the
transmitted ID/defect information and the delivered glass substrates 110 by
some method.
For example, use may be made of a method that gives a shape
representing the IDs to a glass-substrate case accommodating the glass
substrates 110.
(Shipping Process)
As described above, it is the customer 380 that is provided with the
defect information. As shown in Fig. 3, the customer 380 is a place where
magnetic disks are manufactured using the glass substrates, i.e. a magnetic
disk manufacturer. That is, the glass substrates 110 and the distances (radii of
nonmagnetic regions) recorded in correspondence to the glass substrates 110
are provided in advance to the customer 380 that performs a process of forming
a magnetic layer and nonmagnetic regions on each glass substrate 110.
The customer 380 forms a magnetic layer 130 on the main surface of
the glass substrate 110 and further forms, in the formed magnetic layer 130,
circular nonmagnetic regions 140 having the radii included in the defect
information. Specifically, the nonmagnetic regions 140 are provided at the

positions where defects are present. The method of forming the magnetic



custoner 380 being the delivery destination of the glass substrates 110 from
the PC 310 through a wde area network such as the Internet. In this case,
since a glass-substrate case acconmobdating the glass substrates 110 as the
actual articles is not attached with the defect information, it is
necessary to nmake arrangenents beforehaﬂﬁ for ensuring correspondence
between the transmtted I D/ defect inforration and the delivered gl ass
substrates 110 by sone nmethod. For exanple, use nay be nade of a nethod
that gives a shape representing the INto a glass-substrate case

accommodat ilggert 180 gh@fstherfbahingtthe nbbthadrishicrpyivnsPratciess) déscribedcr i bed
above, it is the custoner 380 that is provided with the defect information.
As shown i rbefore with réfeeernnestodfigr 2380 is a pl ace where nmagnetic disks are
manuf actured using the glass substrates, i.e. a magnetic disk manufacturer.
That is, the gl afvesuibdefert sfomatiomis progideéddodhe esagnedididisiof nonmagneti c
regions) recorded in correspondence to the glass substrates 110 are

provi ded i rmadufagigingaoroness as desenbabeboveitit gees ophmecessatlydolowihata mi ng
a magnetic | ayer and nonmagnetic_regi ons on each gl ass substrate 110. The
cust oner 3dasosuksteatendtned defech jeealways usedtasa @ﬂgﬁtret@r@faa:@asﬂeh@ Higkgl ass
substrate 110 and further forns, etic |layer 130, circular
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the magnetic di Slﬁs described before, defects may be ranked in advance based on the
sizes thereof and the ranks may be recorded as defect information instead of
the sizes of the defects. According to this, since the defect of the rank higher
than a predetermined rank exceeds the width of the nonmagnetic region 140,
the influence exerted on the tracks cannot be avoided. Thus, it is possible to
quickly judge that such a glass substrate should be discarded.
(Discrete Type Medium)
A magnetic disk being a discrete type medium may be used as an
embodiment of this invention. The discrete type medium is a more popularized
form of the foregoing DTR medium and, in this specification, is defined as a
medium in which magnetic dots where information is to be recorded are
arranged so as to be separated by nonmagnetic regions where no information is
to be recorded. In this case, a magnetic disk manufacturing support method
preferably includes a process of detecting coordinates of a defect present on
the main surface of a disk-shaped glass substrate and a process of shipping the
glass substrate along with defect information including the detected coordinates
as a position of a nonmagnetic region of the glass substrate to a place of
manufacturing a magnetic disk using the glass substrate and/or a place of

manufacturing a magnetic disk storage device using a magnetic disk.



manuf act uri ng process as described above, it does not necessarily follow
that a glass substrate with a defect is always used as a substrate of a
magneti c di sk. However, while glass substrates with defects are all

di scarded conventionally, there is a case where a glass substrate even with
a defect can be used upon manufacturi n%gf DTR nmedi um Therefore, the yield
I's inproved. As described before, defect's nay be ranked in advance based on
the sizes thereof and the ranks may be recorded as defect information

i nstead of the sizes of the defects. According to this, since the defect of
t he rank hi gher Adwndimgtodbetabove stdciumekthexastnaet ban mativfactlire be
nonnmagneti c region 140, the influence exerted on the tracks cannot be

avoi ded. Thuagnétic diskposdiith a noomagneticiregionds dormniext asihelcaprdinates substrat e
shoul d be discarded. (Discrete Type Medium) A magnetic disk being a discrete
type nedi urwierg the defect iapresent @amdodagretic dotstareariangedtin@thermegianssyr et e
type mediumis a nore popularized formof the foregoing DITR nedium and, in
thi s speci fthedpaiprsurfaseddithe sapgnetis-digle alasmsubsiBtesh nagnetic dots where
information is to be recorded are arranged so as to be separated by
nonmagnet i ¢ regi dhCarAiBalY. Mith reseeedPiaomagaetic-gisklpes subitatebeinhas case, a
magneti c diéﬁk manuf act ur,j n 'SUB%” net hog prefer,a&l% I.ncludes a process of
detecting HBFEIGBPEMEHIUT yalch TpREREYR dels Where IRrmaligniniePer a
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manuf apturii%rﬁvé@gnetic di sk storage device using a magnetic disk. 18
According to 'the above structure, the custoner can manufacture a nagnetic

di sk in which a npRensd Medigd) on is formed at the coordinates

Further, a patterned medium may be used as an embodiment of this
invention. The patterned medium can be considered as a kind of the foregoing
discrete type medium. That is, the patterned medium is a medium in which
magnetic dots separated by nonmagnetic regions are arranged in a
predetermined pattern and one-bit information is recorded per magnetic dot.
The predetermined pattern may be any pattern such as, for example, a lattice
pattern or a honeycomb pattern that can arrange magnetic dots discretely.
Further, the shape of each dot may be optional according to the predetermined
pattern, such as circular, rectangular, square, rhombic, or the like.

(Magnetic Disk Manufacturing Support System)

Further, as another embodiment of this invention, it is also possible to
provide a system for supporting the manufacture of a magnetic disk being a
discrete track recording medium having nonmagnetic regions, where no
information is to be recorded, between tracks formed in a magnetic layer and
adapted to record information thereon, wherein the system comprises defect
detection means for detecting a defect present on the main surface of a
disk-shaped glass substrate and producing defect information including a

distance from the center of the glass substrate to the defect, and means for



where the defect is present and magnetic dots are arranged in other regions
on the main surface of the magnetic-di sk glass substrate. Accordingly, with
respect to a nmagnetic-di sk glass substrate being a discrete type nediumin
whi ch magnetic dots where information is to be recorded are arranged so as
to be separated by nonmagnetic regions in an optional manner, the yield is
I nproved and thus the custoner satisfactPon is | mproved. (Patterned Medium
Further, a patterned medi um may be used as an enbodi ment of this invention.
The patterned medi um can be considered as a kind of the foregoing discrete

t ype medi ughipphf thesglasd eulpstidterai@sy witHithendiefed imfethation as Wifoehatiomésret i ¢
dots separated by nonmagnetic regions are arranged in a predeterm ned
pattern anfbroteg theé nomdhagnetic cegios to epiackedl panufaduretg thedmiagnefibdisk
predeterm ned pattern nmay be any pattern such as, for exanple, a lattice
pattern or usingdhegtasssytmttate andhuta place af margd#actagngta magoetic-diskcr et el y.
Further, the shape of each dot may be optional according to the

pr edet er mi stedag devieerysingitite magoeticdiskr, rect angul ar, square, rhonbic, or
the like. (Magnetic Di sk Manufacturing Support Systen) Further, as another
enbodi ment of th[Examplentlion, it is also possible to provide a systemfor
supporting the manufacture of a magnetic disk being a discrete track
recordi ng nmedi unihiis RERMBIaEREISHE-Fis Dlass subsiatesNd MAEHAIYE i s to be
recorded, between tracks forned. .in magnetic | ayer_and dapted to record
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(1) Shaping Process and First Lapping Process

At first, molten aluminosilicate glass was formed into a disk shape by
direct pressing using upper, lower, and drum molds, thereby obtaining an
amorphous plate-like glass. As the aluminosilicate glass, glass for chemical
strengthening was used. Other than the direct pressing, a disk-shaped
magnetic-disk glass substrate may be obtained by cutting it out, using a
grindstone, from a sheet glass formed by a fusion method, a downdraw method,
or a float method. As the aluminosilicate glass, use was made of a glass for
chemical strengthening which contains, as main components, 58 to 75wt% SiO;,
5 to 23wt% Al;Os, 3 to 10wt% Li>O, and 4 to 13wt% Na;O. A soda-lime glass
or the like can be used instead of the aluminosilicate glass.

Then, lapping was applied to both main surfaces of the plate-like glass,
thereby obtaining a disk-shaped glass base member. The lapping was carried
out using a double-side lapping machine employing a planetary gear
mechanism with the use of alumina-based free abrasive grains. Specifically,
the lapping was carried out by pressing lapping surface plates onto the main
surfaces of the plate-like glass from the upper and lower sides, supplying a
grinding fluid containing the free abrasive grains onto the main surfaces of the

plate-tike glass, and relatively moving the plate-like glass and the surface plates



shi pping the glass substrate along with the defect information as
information for formng the nonmagnetic region to a place of manufacturing
the magnetic disk wusing the glass substrate and/or a place of nmanufacturing
a magnetic-di sk storage device using the magnetic disk. [Exanple 1] In this
exanpl e, magnetic-di sk gl ass substrates énd magneti c di sks were

manuf actured through the follow ng proc@ ses. Particularly, the magnetic

di sk manufacturing support nethod and system according to the enbodi nent
were applied to (8) Magnetic Di sk Manufacturing Support Process. (1) Shaping
Process antb Eacls btHeappByghisriapping, the §lass basevhérmbenhavingdise flatmiain gl ass was
formed into a disk shape by direct pressing using upper, |lower, and drum
nol ds, thesafgcedbivasrobigined. anor phous plate-like glass. As the

alum nosilicate glass, glass for chem cal strengthening was used. O her
than the direct [R)Gsiting;Out Bicckessli@peng, hergmag) c- di sk gl ass substrate may
be obtained by cutting it out, using a grindstone, froma sheet glass
formed by a fusi dhenetheoglass baseumembenwan eyt Using axdiamend ewtterothereby t he
alum nosilicate glass, use was made of a glass for chem cal strengthening

whi ch cont &HHing g disli-harseheleen substiatesdromihemiasshasesmembesnt JHan.203, 3
to 10wt % Li 20, and 4 to 13wt % Na20. A soda-line g }ass or the |ike can be
used i nst e&@ingra exindiicghfiaggnd gl & grasar hote gyas Oérﬂﬁprﬂj aeRMELRPTtER to both

SF‘;QSSE;LZCﬁém.g oSk el by e 3 Y BB AN s ng
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I
abrasive gigd@syd3h9i ﬁg*‘@ut%b&et%%ﬁn%?ﬁ&é?ﬁfe‘riﬁ% of the end faces (forming).
(3) Second Lapping Process
Then, lapping was applied to both main surfaces of each of the
obtained glass substrates in the same manner as in the first lapping process.
By performing this second lapping process, fine irregularities formed on the
main surfaces in the cutting-out process or an end face polishing process as a
previous process can be removed in advance. Consequently, it becomes
possible to complete a subsequent main surface polishing process in a short
time.
(4) End Face Polishing Process
Then, the end faces of the glass substrates were mirror-polished by a
brush polishing method. In this event, as polishing abrasive grains, use was
made of a slurry (free abrasive grains) containing cerium oxide abrasive grains.
By this end face polishing process, the end faces of the glass substrates were
finished to a mirror surface state that can prevent the generation of dust such as
particles.
(5) Main Surface Polishing Process

A first polishing process was first carried out as a main surface polishing

process. This first polishing process mainly aims to remove cracks or strains



plate-like glass, and relatively noving the plate-like glass and the surface
plates 20 to each other. By this |apping, the glass base nenber having the
flat main surfaces was obtained. (2) Cutting-Qut Process (Coring, Form ng)
Then, the glass base nenber was cut using a dianmond cutter, thereby cutting
out di sk-shaped gl ass substrates fromt?ﬁe gl ass base nenber. Then, using a
cylindrical dianmond drill, a circular h b was formed at a center portion

of each gl ass substrate, thereby obtaining doughnut-shaped gl ass substrates
(coring). Then, grinding was applied to an inner peripheral end face and an
out er peri plesnahingnsh frecmatt serdadesodwray helfstegding lapipimp praoesses.grlinttist ones,
thereby carrying out predeterm ned chanfering of the end faces (formng).
(3) Second firsppolighify posess Tthermalregypfacgswaeregppished usingoatdoubis-sideur f aces
of each of the obtained glass substrates in the same nmanner as in the first
| appi ng pr ok@ishing Bachinef havingg planetagegeardmeapaiiag with s use bf adard
irregularities formed on the nmain surfaces in the cutting-out process or an
end face polEsihpelipherocesguasotide phEasivrIgraindwese used asa pelishirgifliid. advance.
Consequently, it beconmes possible to conplete a subsequent main surface
pol i shing process!heglassisibstratesgubjected éhqtﬁﬁéppﬁw@aipﬁ@cwg@s Then, the

o o TS RelF st Bal e il S aet Bluduotbiabo BEAL°
| : b . . 2l ni . . b : ins B
Thi's and 1 QRIPNARIPHobln 88 B edefiide of  he gl ace substrates vere

finished to a m ré&lgsesd"ﬂ’efn?lf/,ea %E%ﬁd bBﬂhiﬁ&BroDJe%\é%vnés &é}ﬁeg%‘%ﬁtd %%ir?f dust

such as particle
surface polishing process. This second polishing process aims to finish the

main surfaces into mirror surfaces. In this second polishing process, the main
surfaces were mirror-polished using a double-side polishing machine having a
planetary gear mechanism with the use of a soft resin foam polisher. As a
polishing fluid, use was made of cerium oxide abrasive grains finer than the
cerium oxide abrasive grains used in the first polishing process.

The glass substrates subjected to the second polishing process were
immersed in respective cleaning baths of neutral detergent, pure water, and IPA
(isopropyl alcohol) in turn so as to be cleaned. An ultrasonic wave was applied
to each cleaning bath.

{6) Chemical Strengthening Process

Then, chemical strengthening was applied to the glass substrates
subjected to the foregoing lapping and polishing processes. By performing this
chemical strengthening process, it is possible to generate high compressive
stresses at surface layer portions of each glass substrate and thus to improve
the impact resistance thereof.

(7) Precise Cleaning Process

Next, precise cleaning of the glass substrates subjected to the chemical
strengthening process was carried out. This is for removing the remnants of

the abrasives, iron-based contaminants of foreign origin, and so on that would



(5) Main Surface Polishing Process A first polishing process was first
carried out as a main surface polishing process. This first polishing
process mainly ainms to renove cracks or strains 21 rermaining on the main
surfaces during the foregoing | apping processes. In this first polishing
process, the main surfaces were polisheg usi ng a doubl e-side polishing
machi ne having a pl anetary gear nechani %vm'th the use of a hard resin

pol i sher. Cerium oxi de abrasive grains were used as a polishing fluid. The
gl ass substrates subjected to the first polishing process were imrersed in
respect i ve otherwisencalss falunds simh ashead ceasheand thrrmal aaperity, thedebyPA

(i sopropyl alcohol) in turn so as to be cleaned. Subsequently, a second

pol i shi ng pbtairing theglass substrates with the saiaoth andfclean pwfacds. ndgnphiscess. This
second polishing process ains to finish the main surfaces into mrror
surfaces. Pprecise sleanignprasess swiales ripsingeans IRAelearing wergrearged ont aer

m rror-polished using a doubl e-side polishing nmachi ne having a planetary
gear nechasleaning withtanealkaineaqueest solklai.n f oam pol i sher. As a pol i shing
fluid, use was rrag)ie of cerj uﬁrp oxi de abrasjve (%_I‘t%l ns finer than the cerium
oxi de abrasive gt&iMaoneteDisk Mapuaciuing, supRt FgosRSScess. The gl ass

espective ol canfiy HEHLOBFALAl AATSRAtE ek FaT e ulEe SHPPER T oERS |

ool ed 1 SFedBPeats dhieaF BLTR AebRistEareS B raRg A A Ry e e,

chem cal stiﬁfgnﬂéﬁ&pwg rﬁ?cfn%%iél?%%%f&&&riﬁ%@?&ce%#bﬁ rates subjected to the
poltshing p pe

f oregoi ng I'appi hg and rocesses. rtormng this chem cal
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manufacturing process (step S600} in Fig. 7. Thereafter, a defect inspection
process (step S610) using the AOI 300 was carried out. By this, defect
information, i.e. the position, type (projection, depression, adherend), and size
of a defect, of each glass substrate 110 is obtained. In the embodiment of this
invention, the position of a defect is specified by a distance from the center of
the disk-shaped glass substrate 110 to the defect present on the main surface
thereof, which represents a radius of a nonmagnetic region 140 to be formed
circular.

However, the position of a defect is not limited to the foregoing radius
and may, naturally, be specified by another information and included in defect
information. For example, the position of a defect may be specified by any
method such as orthogonal coordinates (X, Y), polar coordinates (r, 8), or the
like as long as the position of the defect can be clarified.

After the defect information was obtained, an ID was assigned to the
defect information and the corresponding glass substrate. Each ID included a
number of a case where the corresponding glass substrate is to be stored, and
a storage position of the corresponding glass substrate in the case. The ID

and the defect information were in one-to-one correspondence with each other

and were recorded on an information recording medium, i.e. a sheet of paper by



the inpact resistance thereof. (7) Precise C eaning Process Next, precise
cl eaning of the glass substrates subjected to the chem cal strengthening
process was carried out. This is for renoving the remmants of the

abr asi ves, iron-based contam nants of foreign origin, and so on that would
22 otherw se cause failures such as head crash and thermal asperity,
thereby obtaining the glass substrates4d th the snooth and cl ean surfaces.
In this precise cleaning process, water rinsing and | PA cl eaning were
carried out after cleaning with an al kaline aqueous solution. (8) Magnetic

Di sk Manuf agkrintgr 30eOAaH H?TIDQQ%?QthQ RAD writer 350vetey 8620).a nmagneti ¢ di sk
manuf act uri ng support process i nspects defects of the conpleted glass

substrates and prihe dess debetratesiwdrerpatkiednn agglassregbstrate alisekseming ast uri ng
process. The foregoing processes (1) to (7) correspond to a glass substrate
manuf act ur i aglassaudstratesaemnd®odating cehiginet, thih easadttashedavittefhect | nspecti on
process (step S610) using the AO 300 was carried out. By this, defect
i nf or mat i orlD/dlefect infarmationtrecordedyrethepnigrawatioomecarsing swsdium asdher end), and
size of a defect, of each glass substrate 110 is obtained. In the
embodi ment dsscribed ahoweéatepo'iﬁw)han@@sen were shipgeddn ¢he stade whese theed by a
di stance fromthe center, of the disk-shaped glass substrate 110 to the
def ect pr esréﬁtalaﬁsmn@sﬂ%tzes gapksk andtyrescof defgpiscand s careappending@lfes of a
nonmagneti c reglon 140 &R forned é @ﬁlar However, the position of a
defect is notbsliaigs warg IV e‘@tﬁﬂwé 4@di us  and may, naturally, be
speci fied by anot | d.included in defect information. For
exanpl e, the posi@?M‘? ﬁﬁ%‘f E& uﬁ%@}uw&g PSS ed by any nmethod such as
orthogonal  coordi (91”11 eagh (o)f<’bom maﬁ’r%@rrfag O(Sfdéfpcﬁ:t gfsthferglas?s} 3ul5)srtrattg§obtalned

through the foregoing processes, an adhesive layer of a Cr alloy, a soft

magnetic layer of a CoTaZr-group alloy, an underlayer of Ru, a perpendicular

magnetic recording layer of a CoCrPt-group alloy, a protective layer of

hydrogenated carbon, and a lubricating layer of perfluoropolyether were formed

in this order. In this manner, perpendicular magnetic recording disks were

manufactured. This structure is one example of the structure of a

perpendicular magnetic disk. Magnetic layers and so on may be formed as an

in-plane magnetic disk.

As shown in Fig. 2A, a stamper 200 serving as a master plate was first

produced by electron-beam lithography. The stamper 200 was formed with

patterns of servo information, data tracks, and so on. Using the produced

stamper 200, the patterns were transferred onto a resist resin 210 on the

medium by nancimprint lithography. Then, as shown in Fig. 2B, using the

transferred resin patterns as a mask, grooves were formed on the medium

surface by dry etching. Subsequently, as shown in Fig. 2C, a nonmagnetic

material 140 was buried in the once-formed grooves for carrying out surface

flattening in order to ensure the flying stability of a magnetic head. Thereafter, a

protective film and a lubricating film were formed thereon. Upon forming the

above patterns, the positions of forming the patterns were determined using the



| i ke as long as the position of the defect can be clarified. After the
defect informati on was obtained, an I D was assigned to the defect

i nformati on and the correspondi ng gl ass substrate. Each ID included a

nunber of a case where the corresponding gl ass substrate is to be stored,
and a storage position of the corresporzqi'nng gl ass substrate in the case.
The ID and the defect information were one-t o-one correspondence with
each other and were recorded on an information recording nedium i.e. a
sheet of paper by 23 the printer 320 or an RFID tag by the RFID witer 350
(step S620)forddunglDsdefesilisformatisnwer e packed in a gl ass-substrate case,
serving as a glass-substrate accommodati ng contai ner, that was attached
with the | D def dotadditicor, mamniagnetiediskd@d asmatER inmédivmawvasalscecor di ng nedi um
as described above (step S630), and then were shipped in the state where
the radi almposfactwad bysthedsethodri pressing atstpewes B0Qaviticeenvaxdpetiens
correspondi ng gl ass substrates were fully clarified (step S640). g9)
Magneti ¢ Di @KO s d@0uf BAg7 19 a8 sbewnrindda B8Bf togberebydiormAapiusRiBy obf  each of
the gl ass substrates obtained through the foregoi n% processes, an adhesive

| ayer of a tacks 13and, Spwitanaaisnen-Tespedingredions YZ22rheweep themas an
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also manufactured by the method of demagnetizing a magnetic layer 130 in a
pattern by performing ion irradiation 920 through a mask 910 having a pattern
for magnetically isolating portions of the magnetic layer 130 from each other.
Also in this event, using the foregoing ID/defect information, the mask 910 was
set in a manner to expose the positions of defects so that nonmagnetic regions
930 were formed at the positions of the defects.
With respect to the obtained magnetic disks, it was confirmed that there
was no occurrence of defect on the films such as the magnetic layers due to
foreign matter. A glide test was performed and there was observed no hit (a
head grazes a projection on the surface of a magnetic disk) or crash (a head
collides with a projection on the surface of a magnetic disk). Further, a
reproduction test was performed using a magnetoresistive head and there was
observed no malfunction in reproduction due to thermal asperity.
Consequently, even a glass substrate with a defect that has hitherto
been discarded in advance by a substrate manufacturer can be used as a
substrate of a DTR medium based on a judgment of a magnetic disk
manufacturer as a customer. Further, since the yield of glass substrates is

improved by this, the unit cost thereof is reduced, thus making it possible to

contribute to an improvement in customer satisfaction.



patterns of servo information, data tracks, and so on. Using the produced
stanper 200, the patterns were transferred onto a resist resin 210 on the
medi um by nanoi nprint |ithography. Then, as shown in Fig. 2B, using the
transferred resin patterns as a nmask, grooves were fornmed on the nmedi um
surface by dry etching. Subsequently, aﬁgfhomn in Fig. 2C, a nonmagnetic
material 140 was buried in the once-forred grooves for carrying out surface
flattening in order to ensure the flying stability of a nmagnetic head.
Thereafter, a protective filmand a lubricating filmwere fornmed thereon.
Upon form ng t he Whitethe paftred embddimpots of thissineéntiar haveybebe deatrilezdhs wer e
determ ned using the 24 foregoing ID defect information. In addition, a
magnet i ¢ divth rederemsedo thekanealinpanyiag debwnmgsiitnsinaediesedo sgy that thist hod of
pressing a stanper 800 with convex portions onto layers 120, 130, 710 as
shown i n Fiigvers®n is aot lisitedythemton altjig abwpus yhatfan expeikin thecarhaan make

si mul t aneousl y, non-recordi ng regions 720 between themas shown in Fig. 8C
In this evM#ioOus§8apges oF m@%ﬁﬁatq@méwtm@thméc:@neaﬁ{)@lalmendetrlé readijyust ed
using the foregoing | Oy defect information so that the groove portions as

t he non- r ectdgrsigod daatdhese shanges of aragifiralipns pisqbrlend da dhetechpicatt s.
Further, as shomq in.Fig.. 9, a magnetic disk 900 as a DIR nediumwas al so
nanufacturéﬁoﬂﬁclﬁ@sﬁ@Méh§9nof demagneti zing a magnetic layer 130 in a
pattern by performng ion irradiation 920 through a mask 910 having a
pattern for magnetically isolating portions of the magnetic |ayer 130 from
each other. Also in this event, using the foregoing I D/ defect information,
the mask 910 was set in a manner to expose the positions of defects so that
nonmagnetic regions 930 were fornmed at the positions of the defects. Wth
respect to the obtained magnetic disks, it was confirned that there was no
occurrence of defect on the filns such as the nagnetic |ayers due to



foreign matter. A glide test was perforned and there was observed no hit (a
head grazes a projection on the surface of a nagnetic disk) or crash (a head
collides with a projection on the surface of a nagnetic disk). Further, a
reproduction test was performed using a nagnetoresistive head and there was
observed no nal function in reproduction %ue to thernmal asperity.
Consequently, even a glass substrate wi 2R a defect that has hitherto been
di scarded in advance by a substrate nanufacturer can be used as a substrate
of a DTR medi um based on a judgnment of a magnetic disk nanufacturer as a
custoner. Furt heThisinvesatibi& apsicably tooh assthedbati syt ffer supparivetheby thi s,
the unit cost thereof is reduced, thus making it possible to <contribute to
an i npr ovememufactuesi sf ameagreetic ditkethicnis 28isckihe trckhrecondirigemeeilrenbodi nent s
of this invention have been described with reference to the acconpanyi ng
drawi ngs, iusingsa d*séteﬂl'a;mdtgjasagzubsteatetaﬂclsha\iimgenni’rmgnieﬁc megiohs mvberg nder et o.
It is obvious that an expert in the art can nmake various changes or

modi fi cat i dfermation is torke msopdedbelvaendraghe fonmedin 2 sBgneticdaykirandbod t hat
those changes or nodifications also belong to the technical scope of this

i nvent i on. agepterhiosrecatcbinferpiation tapfﬁ%@mdes{wlaermml@ab@rm astnethed pogd
supporting the nufacture of a nmagnetic disk which is a discrete track
recordi ng ﬁﬁﬂtieﬂgf rdﬁ?ﬂgaﬁttﬂﬁnﬁks@li‘a%wgdﬂe%@%bstrate and havi ng nonmagneti c
regions, where no information is to be recorded, between tracks fornmed in a
magnetic | ayer and adapted to record information thereon, and is further
applicable to a nmethod and system for manufacturing such a magnetic di sk.
27 WHAT IS CLAIMED I S:



1. A nethod for supporting nmanufacture of a magnetic disk as a discrete
track recordi ng nmedi um havi ng a nonnagneti c regi on between tracks fornmed in
a magnetic |layer and adapted to record information thereon, the nethod
conprising the steps of: detecting a defect present on a main surface of a
di sk-shaped gl ass substrate and produci defect information including a

di stance froma center of the glass sulfstrate to the defect; and shi pping
the gl ass substrate along with the defect information as information for
form ng the nonmagnetic region to at | east one of a place of manufacturing
the magnetic disk using the glass substrate and a place of manufacturing a
magneti c-di sk storage device using the nmagnetic disk. 2. The nethod

accor di ng tWHATASYCLAIMEEY K n t he defect information is produced by using a
defect detector. 3. The nethod according to claim1, wherein the glass
substrate is shibhpdimathed fertsupploring eanufgciunesefi dmagaetie diskg@snadi um
recorded with the defect information to a container storing the glass

subst r at e. discreteetragl rRe@rdingsnedivg bavieg & mﬁmpagm@r%m@méet%mw traekson
recordi ng nedign1is a radio freqieQCé identifiqa;ion Iag 5. A net hod of
manuf act ur ifAENEJ g HBagRetE laxenand agagterdpdecproRiormationdhaEaRe ti&im havi ng a

nonnmagneti c_region betweeﬂ"tr%%ks formed in a magnetic |ayer and adapted to
record infdP ORISR the BISRSHRlt hod conprising the steps of: detecting a

pr oduci ho.def ect JAPaTee Pofect et Ry 4 MnTofete Bt 3R e B6fs " he
0l ass_substd e at.0ah BRI deledt HiBintth BRI & did¥Ate HBnt BRHRILY

surface of € glass
the glass substrate to the defect; and

shipping the glass substrate along with the defect information as
information for forming the nonmagnetic region to at least one of a place of
manufacturing the magnetic disk using the glass substrate and a place of
manufacturing a magnetic-disk storage device using the magnetic disk.

2. The method according to claim 1, wherein the defect information is
produced by using a defect detector.

3. The method according to claim 1, wherein the glass substrate is
shipped while attaching an information recording medium recorded with the
defect information to a container storing the glass substrate.

4. The method according to claim 3, wherein the information recording
medium is a radio frequency identification tag.

5. A method of manufacturing a magnetic disk as a discrete track
recording medium having a nonmagnetic region between tracks formed in a
magnetic layer and adapted to record information thereon, the method
comprising the steps of:

detecting a defect present on a main surface of a disk-shaped glass
substrate and producing defect information including a distance from a center of
the glass substrate to the defect;

forming the magnetic layer on the main surface of the glass substrate;



and providing the nonmagnetic region in the magnetic |ayer based on the
defect information. 6. A nethod for supporting manufacture of a nmagnetic
disk as a discrete type nediumin which magnetic dots where information is
to be recorded are arranged so as to be separated by a nonmagnetic region,
the method conprising the steps of: detecting a defect present on a nmain
surface of a disk-shaped gl ass substra and produci ng defect information

i ncl udi ng coordi nates of the defect; and shipping the glass substrate al ong
with the defect information as a position of the nonmagnetic region to at

| east one afnda pl ace of manufacturing the magnetic di sk using the gl ass
substrate and a place of manufacturing a magnetic-di sk storage device using
t he magnetic di skaroviding et rounégnetiouegr inrthe maagiiatic layer bdsexd omdpreet i ¢ di sk
as a discrete track recordi ng medi um having, between tracks fornmed in a
magneti c Icmjeﬁ infedmatiapt ed to record information thereon, a non-recording
region serving to magnetically isolate the tracks from each ot her, the

met hod conpri si nd-t HaMethegforaiuppesing Mangfactder e Magselindigrasanmi n
surface of a disk-shaped glass . substrate and produci ng defect information

i ncl udi ng AipTsta Ve ’B?d'ﬁlﬁ%"’d‘é‘h@@tmag'&ﬁ& dots Whierg Inlpsmgtigads ARt rate al ong
with the defect, information as éobormatlon for form ngehge non-t ecor di ng

region to decPiigsiargaranged s g8 &o Be sepafRipd Oy @ PREMAES Grendh8i sk usi ng
dovi ce-usi HSTYE SABABTNG 15 SEPRT The et hod according to ol i m 7. wherein
the non-recordi ngdertggﬁn(aqa defect present on a main surface of a disk-shaped glass

substrate and producing defect information including coordinates of the defect;

and

shipping the glass substrate along with the defect information as a
position of the nonmagnetic region to at least one of a place of manufacturing
the magnetic disk using the glass substrate and a place of manufacturing a
magnetic-disk storage device using the magnetic disk.

7. A method for suppoerting manufacture of a magnetic disk as a
discrete track recording medium having, between tracks formed in a magnetic
layer and adapted to record information thereon, a non-recording region serving
to magnetically isolate the tracks from each other, the method comprising the
steps of:

detecting a defect present on a main surface of a disk-shaped glass
substrate and producing defect information including a position of the defect;
and

shipping the glass substrate along with the defect information as
information for forming the non-recording region to at least one of a place of
manufacturing the magnetic disk using the glass substrate and a place of
manufacturing a magnetic-disk storage device using the magnetic disk.

8. The method according to claim 7, wherein the non-recording region

is a groove portion between the tracks.



is a groove portion between the tracks. 29 9. The nethod according to claim
8, wherein the non-recording region is fornmed sinultaneously with the tracks
by pressing a stanper with a convex portion onto the magnetic |ayer. 10.
The nethod according to claim7, wherein the non-recording region is a
nonmagneti c regi on and the nonmagnetic region is formed of a nonmagnetic
alloy containing Si. 11. The net hod accéﬁging to claim 10, wherein the
nonmagnetic region is forned by ion irradiation. 12. The nmethod accordi ng
to claim7, wherein the position of the defect is specified by a distance

froma center of gheTigd arshedBstdrairgy tooclhing 8, ke tiee nbi-recériddapregion
coordi nates or pol ar coordinates of the defect. 13. The nethod according to

claim7, whefeimed sieniaiheotuslyvitit thet fracksi isy pressihgca gtdmpersiitly aaconeérect
detector. 14. The method according to claim?7, wherein a width of the defect
in a radi glortiom eato the mbghékc Fyass substrate is smaller than a wdth of the
non-recordi ng region.
10. The method according to claim 7, wherein the non-recording
region is a nonmagnetic region and the nonmagnetic region is formed of a
nonmagnetic alloy containing Si.
11. The method according to claim 10, wherein the nonmagnetic
region is formed by ion irradiation.
12. The method according to claim 7, wherein the position of the
defect is specified by a distance from a center of the glass substrate to the
defect or by orthogonal coordinates or polar coordinates of the defect.
13. The method according to claim 7, wherein the defect information is
produced by using a defect detector.
14. The method according to claim 7, wherein a width of the defect in

a radial direction of the glass substrate is smaller than a width of the

non-recording region.



